Introduction {#sec1-1}
============

Pain is a personal and subjective experience that involves sensory, emotional and behavioral factors associated with actual or potential tissue injury as defined by the International Association for the Study of Pain.\[[@ref1]\]

Pain has also been included as the "fifth vital sign" by the Joint Commission on Accreditation of Healthcare Organizations, thereby consideration of the pain in the care of the patients as well as discharge decision,\[[@ref2]\] is of utmost importance.

The consequences of severe postoperative pain such as prolonged hospital stays, increased hospital readmissions, and increased opioid use with a subsequent increase in postoperative nausea and vomiting, and results in overall low patient satisfaction and potentially greater cost, as concluded by Indelli *et al*.\[[@ref3]\]

In orthopedic surgeries, the degree of postoperative pain is closely related to diminish joint movements leading to arthrofibrosis, as suggested by Singelyn *et al*.\[[@ref4]\] In orthopedic surgeries, regional anesthesia has been shown to reduce the incidence of major perioperative complications including deep vein thrombosis, pulmonary thromboembolism and respiratory complications.

Brachial plexus block is a popular and very reliable regional anesthetic technique for upper limb surgeries and help us in avoiding general anesthesia. Modern local anesthetics are sufficiently effective and safe for the majority of clinical practice, but the search for agents with longer duration of action, better nerve fiber selectivity, and lesser degree of motor blockade and lower incidences of systemic toxicity continues. Various adjuncts to local anesthetics for brachial block have been used, which enhance the quality and duration of anesthesia and postoperative analgesia without causing adverse side effects or increasing duration of motor block. Midazolam,\[[@ref5]\] magnesium,\[[@ref6]\] opioids,\[[@ref7]\] clonidine,\[[@ref8]\] and dexmedetomidine\[[@ref8]\] are few examples.

Tramadol, a 4 phenyl-piperidine analog of codeine has been found to have a unique mechanism of action that suggests its efficacy as an adjunct to local anesthetics in brachial plexus block.\[[@ref9]\] Tramadol has been tried as an adjunct to local anesthetics in the past, but many studies have been contradictory and inconclusive.

We, therefore, intended to study the variability in the effects of systemically administered tramadol and perineurally administered tramadol as an adjunct to bupivacaine in supraclavicular brachial plexus blocks on onset of sensory, motor block and postoperative analgesia along with demand for rescue analgesic in the postoperative period.

Material and Methods {#sec1-2}
====================

After approval by Institutional Ethical Committee, this study was carried out on 104 American Society of Anesthesiologists (ASA) I/II patients of either gender, in the age group of 20-60 years over a period of 1-year, having fractures of forearm bones for open reduction and internal fixation under supraclavicular brachial plexus block.

Patient\'s refusal for block, having bleeding disorders, getting opioid analgesics or monoamine oxidase inhibitors prior to surgery, local infections at the site where needle for block is to be inserted, history of seizures, respiratory or cardiac diseases, pregnancy were the exclusion crieteria. Patients in whom the block effect was partial and required supplementary anesthesia also were excluded.

Randomization was achieved by computer generated random number table. Random group assigned was enclosed in a sealed opaque envelope to ensure concealment of allocation sequence. After shifting the patient inside operation theatre, sealed envelope was opened by anesthesiologist not involved in the study to prepare the drug solution for infusion according to randomization. The observer who collected the intra-operative data as well as the operating surgeon were blinded to the drug solution administered.

All patients were kept nil orally for at least 6 h before the procedure. They were given premedication in the form of tablet alprazolam 0.5 mg and tablet ranitidine 150 mg at 6 am on the day of surgery and tested for local anesthetic sensitivity. On arrival to the operation theatre, standard monitoring was established with starting of peripheral intravenous (I.V.) line by 18G cannula in the contralateral hand and ringer lactate infusion was started. After proper positioning of the patient and under all aseptic precautions supraclavicular brachial plexus block was performed by blinded anesthesiologist using subclavian artery as a guide, till paresthesia elicited or sensation of piercing the sheath felt.

Patients were assigned to receive either of the following drugs mixtures: Group A --- bupivacaine 0.5%-18 ml + normal saline-7 ml for block and normal saline-10 ml intravenously. Group B --- bupivacaine 0.5%-18 ml + normal saline-7 ml mixture for block and tramadol (100 mg) diluted to 10 ml-intravenously. Group C - bupivacaine 0.5%-18 ml+ tramadol (100 mg) + normal saline-5 ml mixture and normal saline 10 ml intravenously.

Routine monitoring of all the patients including blood pressure, pulse rate, SpO~2~, electrocardiogram was done. We evaluated onset, quality and duration of sensory and motor block along with side effects if any. For sensory loss assessment, we used pin prick test with a three-point scale-0- no block, 1-analgesia (loss of sensation to pinprick), 2-loss of touch.

Motor block was assessed by modified Bromage scale\[[@ref10]\] for upper extremities using a 3 point scale. 0-total movement of fingers and wrist, 1-decreased motor strength with ability to move the fingers only, 2-inability to move fingers.

Block was evaluated every 5 min till complete motor and sensory block after the injection of local anesthetic. Further block assessment was done at hourly intervals up to 24 h by a blinded anesthesiologist.

Onset of sensory blockade was defined as the interval between the end of injection and sensory blockade and was demonstrated as loss of sensation to pinprick or by score 1 of pinprick response. Onset of motor blockade was the interval between the end of injection and complete motor paralysis of wrist and hand. The duration of sensory blockade being the time interval between sensory blockade and reappearance of pinprick response. The duration of motor blockade was defined as the time interval between maximum motor blockade and complete movement of wrist and fingers. Duration of analgesia was taken as the time interval between onset of sensory blockade and the first dose of rescue analgesic given to the patient.

Pain assessment in the postoperative period was done using verbal response score, being obtained by asking the patient to rate the intensity of pain perceived by him/her and express it on a numerical scale of 0 to 10, with.

0-no pain (one extreme). 10-worst pain possible (other extreme).

Rescue analgesia in the form of injection diclofenac 75 mg intramuscularly was given to patients with VRS \>4.

Quality of block was assessed on the basis of two parameters. The number of partial/failed blocks among the three groups and surgeon\'s satisfaction score based upon the amount of muscle relaxation and ease of performing the surgery were taken as VRS ranging between 0 and 10. Score 0 for full satisfaction and score 10 for complete unsatisfaction.

All the patients were monitored intra-operatively and postoperatively in terms of hemodynamic stability, assessment of sedation by Ramsay sedation score\[[@ref11]\] and for any side effects.

Statistical analysis {#sec2-1}
--------------------

The data was analyzed by package SPSS 15.0 (SPSS Inc. Chicago, IL, USA). Demographic and hemodynamic data were analyzed by Student\'s *t*-test. For statistical analysis of onset time and duration of sensory and motor blocks, duration of analgesia, unpaired *t*-test was applied. *P* \< 0.05 was considered as statistically significant. For intra-group analysis, a repeated measure ANOVA was performed.

Results {#sec1-3}
=======

Total number of patients enrolled during study period were 104, being 35, 34 and 35 in groups A, B, C respectively. The number of patients who had partial blocks or failed blocks was 5 in Group A, 4 in Group B and 5 in Group C. After excluding these patients, the total number of patients taken for study was 30 in each group. The three groups were comparable to each other with respect to age, gender, weight and duration of surgery \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic profile
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It was found that onset of sensory block was faster in Group C than Group A (23.00 ± 3.93) and Group B (*P* = 0.018) \[[Table 2](#T2){ref-type="table"}\]. The onset of motor block was faster in Group C than Group A and Group B (*P* = 0.024) \[[Table 3](#T3){ref-type="table"}\]. The mean duration of motor block was maximum in Group C followed by Group A and minimum in Group B (*P* = 0.023). The mean duration of sensory block was maximum in Group C followed by Group A and minimum in Group B (*P* = 0.075) \[[Figure 1](#F1){ref-type="fig"}\]. The mean duration of analgesia was maximum in Group C followed by Group A and minimum in Group B (*P* = 0.049) \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Comparison of mean duration of onset of sensory block in three groups
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###### 

Comparison of mean duration of onset of motor block in three groups
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![Duration of sensory block (mean ± standard deviation)](JOACP-31-191-g004){#F1}

![Duration of analgesia (mean ± standard deviation)](JOACP-31-191-g005){#F2}

None of the patients required rescue analgesia in first 3 h after completion of surgery in all three groups \[[Figure 3](#F3){ref-type="fig"}\]. In the next 3 h (181-360 min), the number of patients who required rescue analgesia were 14, 19 and 8 patients (46.7%, 63.3%, 26.7% of total 30) in the Group A, B and C respectively. The patients requiring the analgesic after 6 h of completion of surgery were 53.3% of Group A, 36.7% of Group B and 73.3% of Group C (*P* = 0.025). Surgeon\'s satisfaction score measured in VAS (0-10) in three groups was insignificant (*P* = 0.86).

![Time for rescue analgesic requirement](JOACP-31-191-g006){#F3}

Discussion {#sec1-4}
==========

Our study demonstrates that the mixture of tramadol and bupivacaine injected perineurally for supraclavicular brachial plexus block hastens the onset of sensory block, motor block and provides a longer duration of motor blockade and postoperative analgesia as compared to other two groups in which tramadol was either injected intravenously (systemic group) or was not given at all (control group). The block onset times and durations of sensory block, motor block and analgesia were not statistically different in tramadol I.V. group and control group.

Kapral *et al*.\[[@ref12]\] demonstrated that the addition of 100 mg of tramadol to mepivacaine 1% for axillary brachial plexus block prolongs sensory and motor block as compared to mepivacaine given alone or mepivacaine given perineurally and tramadol 100 mg intravenously. Consequently, the results of that study suggest that tramadol has a specific analgesic effect on peripheral nerves. Their findings were same as that of our study, but there was no significant difference in the onset of sensory and motor block among all the three groups in their study. This finding of hastening the onset of sensory and motor block in tramadol perineural group may be contributed by a change in pH of the drug solution with addition of tramadol in our study, as we have not encountered quick onset in systemically administered tramadol group or it could be because of large volume (40 ml) of drug in their study in comparison to ours (25 ml) leading to comparatively decreased concentration of tramadol.

Chatopadhyay *et al*.\[[@ref13]\] evaluated the use tramadol 100 mg as an adjuvant to bupivacaine 0.25%, total volume being 40 ml, in supraclavicular brachial plexus block given for various upper limb surgeries and concluded that tramadol is a useful adjuvant and reduces the onset time of motor and sensory block and enhances the duration of sensory block, motor block and postoperative analgesia. All parameters were comparable to our study except for the fact that there was no systemic group in their study group.

Kaabachi *et al*.\[[@ref14]\] reported that the benefit of block prolongation associated with the addition of 200 mg of tramadol to lidocaine during axillary block was limited by the slow onset of the block. In their study delayed onset may be due to the fact that they have used lidocaine with a quicker onset and different pharmacodynamic properties than bupivacaine, which was used in our study.

Alemanno *et al*.\[[@ref15]\] observed that tramadol used as an adjuvant to levobupivacaine for single-shot interscalene block, given either perineurally or intramuscularly provides a longer duration of postoperative analgesia when compared to interscalene block performed with 0.5% levobupivacaine alone in patients who underwent arthroscopic repair of rotator cuff tear.

In our study, majority of patients in Group C required first analgesic after 6 h of surgery and the delayed requirement of analgesia postoperatively in Group C was statistically significant.

The results of our study were entirely different from study by Dikmen *et al*.\[[@ref16]\] who observed that the addition of 100 mg of tramadol to 3.75 mg/ml of ropivacaine does not have any beneficial effect on the nerve block characteristics of axillary brachial plexus anesthesia for arteriovenous fistula surgery in uremic patients.

In our study, only one patient in tramadol I.V. group had nausea and was managed symptomatically.

To summarize, our data support specific analgesic action of tramadol on peripheral nerves. This study is one in which tramadol has been given locally as well as systemically as an adjunct to bupivacaine in supraclavicular brachial plexus block. The results support the hypothesis that tramadol has effects on peripheral nerves that are not observed, when tramadol is given systemically.

Limitations {#sec1-5}
===========

One of the limitations of our study was that we didn't use ultrasound guided block due to its nonavailability in our institution at the time of study, because with ultrasound guidance localization of brachial plexus is easy and the variability in different parameters caused due to clinical blocks can be reduced. Second limitation is unavailability of facilities for serum measurement of tramadol.

Conclusion {#sec1-6}
==========

The use of tramadol as an adjunct to bupivacaine in supraclavicular brachial plexus block, hastens the onset of block, increases the duration of motor blockade. It also delays the requirement of the first dose of analgesic postoperatively without causing any side effects in comparison to systemically administered tramadol group and control group.
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